Several species belong to the Cryptosporidium and Giardia genus, the main parasitic protozoa occurring in water, but only some of them are infectious to humans. We investigated the occurrence of Cryptosporidium and Giardia and identified their species in the water samples collected from natural water bodies in north-western Poland. A total of 600 samples from water bodies used for bathing, sewage discharge, as drinking water sources and watering places for animals were screened. The samples were collected during a 3-year period in each of the four seasons and filtered using Filta-Max (IDEXX Laboratories, USA). Genomic DNA was extracted from all samples and used as a target sequence for polymerase chain reaction (PCR) and TaqMan real-time PCR, as well as for reverse line blotting (RLB) methods. PCR methods seem to be more sensitive to detect Giardia and Cryptosporidium DNA in water samples than RLB methods. All PCR products were sequenced and three were identified as C. parvum and four as G. intestinalis. The overall prevalence of C. parvum (0.5%) and G. intestinalis (0.6%) in the samples suggests that the risk of Cryptosporidium and Giardia infections in north-western Poland is minimal.
INTRODUCTION
Cryptosporidium and Giardia are widespread in the environment; aquatic and water contamination by protozoan pathogens from this genus can pose a significant threat for public health. It is well recognized that protozoan parasites of Cryptosporidium (Apicomplexa phylum) and Giardia species (Sarcomastigophora subphylum) are causes of widespread gastrointestinal disease and morbidity in humans, as well as decreases in farm animal production. These microorganisms infect the small intestine, occupying epicellular and extracellular intestinal niches, which has an influence on host-parasite interactions, pathophysiology and diarrhoea mechanisms (Graczyk et Cryptosporidiosis and giardiasis remain a public health concern, as demonstrated by continued outbreaks of these diseases attributable to waterborne transmission (Graczyk et al. ; Yoder & Beach ) . In Poland, water contamination with Cryptosporidium and Giardia is not routinely monitored and waterborne outbreaks of cryptosporidiosis or giardiasis have not been reported in this country yet. Human cases of cryptosporidiosis in Poland and laboratory-confirmed cases were reported to the National Institute of Hygiene as single cases only, while the average annual number of reported cases of giardiasis is around 3,000. The first cases of cryptosporidiosis in HIV-positive patients in Poland were described in 1998 (Majewska et al. ) .
Despite progress in the development of molecular methods for detection and genetic characterization of Crypto-sites, as well as the number of samples, are given in Table 1. Except for one river, all examined sites are used for bathing during summer months. Two lakes and one river serve as drinking water sources for people, and 11 lakes and one river are watering places for wild and domestic animals.
Four lakes, two rivers and, partially, the sea (two sites) are situated near farms and cultivated fields. Six lakes, five rivers and the sea (two sites) also receive sewage discharge.
Collection and preparation of samples
The 50-l water samples were collected from each site by passing through separate compressed-foam depth filters (Idexx Laboratories, USA) with the use of a pump (Grundfoss, Denmark) with a flow rate of 4 l/min. Filtration and elution procedures were carried out in accordance with the manufacturer's instructions. The water samples were prepared with the use of a Manual Filta Max ® Wash Station (Idexx Laboratories, USA) and auxiliary equipment.
Microscopic examination
To detect Cryptosporidium sp. oocysts in water samples, the modified Kinyoun's acid-fast stain was used (Garcia ).
For the recovery of Giardia lamblia cysts, Lugol solution was used for direct staining of wet preparations.
DNA extraction
For DNA extraction, 300 μl of each eluate were collected using QIAamp DNA Tissue Mini Kit (Qiagen, Germany).
Before using the kit, three cycles of liquid nitrogen/water bath incubation (100 W C), each for 2 minutes, were applied in order to destroy (oo)cysts walls, as well as the overnight incubation with proteinase K (Adamska et al. , a, b, ) . Further DNA extraction was performed according to the manufacturer's instructions.
Nested and semi-nested PCR amplification
A region of the 18S rDNA gene was amplified in the nested PCR protocol in order to detect Cryptosporidium DNA. The 
Reverse line blotting
The macroarray method (reverse line blotting (RLB)) was also used in order to detect more protozoan species.
Two 5 
RESULTS
The sequencing of all obtained nested and semi-nested PCR products revealed the presence of C. parvum and G. intestinalis (oo)cysts DNA in five examined sites with the use of nested PCR and semi-nested PCR, respectively (Table 2) .
G. intestinalis cysts DNA was detected in four samples, collected in spring 2011 (three samples) and in spring 2012
(one sample). All four positive samples were collected from four lakes used for bathing; two of them are also used for sewage discharge and one is a watering place for wild animals (Table 2 ). Cryptosporidium oocysts DNA was observed in three water samples collected in autumn 2010 from three lakes used for bathing; two of them are also used for sewage discharge and one of them is located near a farm as well ( Table 2 ). The overall prevalence of C.
parvum is 0.5% and G. intestinalis 0.6%, in all examined samples of water.
The presence of protozoan DNA was not detected using Rusalka Lake (1) Szczecin C. parvum G. intestinalis none Glebokie Lake (1, 2, 3) Szczecin C. parvum none none
Dabie Male Lake (1, 2) Szczecin none G. intestinalis none Dabie Duze Lake (1, 2) Lubczyna C. parvum none G. intestinalis assemblage B Weltynskie Lake (1, 4) Wirow none G. intestinalis none 1, site used for bathing; 2, site used for sewage discharge; 3, site located near farm; 4, watering place.
Cryptosporidium oocysts and Giardia cysts in water samples. Both methods are used for determining the presence and concentration of (oo)cysts in water, and they consist of: filtration, concentration, immunomagnetic separation, contrast staining, fluorescent antibodies and microscopic detection, as well as calculation of (oo)cysts of these parasites (Skotarczak ).
Many laboratories not only in the USA, but also in Europe and around the world have adopted these methods to investigate the occurrence of (oo)cysts of these pathogens in water. However, it should be noted that the methods do of TaqMan nested real-time PCR (Adamska et al. a, ) . In our present study, we have employed our earlier practice for (oo)cysts recovery as well as DNA extraction and detection using different PCR methods. In addition, (oo)cysts were identified with microscopic examination and we also made attempts to adapt the RLB method to waterborne protozoa detection and differentiation of their species.
The RLB method was first described as a reverse dot blot assay for the diagnosis of sickle cell anemia, based on the hybridization of PCR products to specific probes immobilized on a membrane in order to identify differences in the amplified sequences (Gubbels et al. ) . This method was initially used for the identification of Streptococcus serotypes (Kaufhold et al. ) , followed by an RLB for Mycobacterium tuberculosis strain differentiation (Kamerbeek et al. ) and is not a new method in the diagnostics of parasitic protozoa; at the end of the 1990s it was adapted for the detection and differentiation of Babesia and
